Raspberry descends to plains occupying more and more territory. There, however, plants have to cope with unfavorable climatic conditions. This necessitates technological improvements and additional investments, e.g. for irrigation. The aim of this publication is to evaluate the economic efficiency of the technology for raspberry production in lowland conditions. The study was carried out in the course of eleven years with the 'Lyulin' primocane-fruiting cultivar and spanned the whole life of the plantation. During the main phenological phases -intensive growth, blossom, and fruiting -water was applied in amounts equaling to 100%, 75% and 50% of crop evapotranspiration, respectively. Fertilizers were applied through the irrigation system, the fertilization rate being equal for all treatments. A costs and returns balance was applied for establishing the economic efficiency of the studied variants at exchange rates: 1.95583 BGN for 1.00 EURO and 1.47 BGN for 1.00 USD. The raspberry fruit production is not profitable with a price of 1.50 BGN per kilo. Prices of 2.00 BGN kg -1 and higher provide very good profitability. With a price of 2.00 BGN kg -1 , the costs are paid back during the fourth vegetation, and with prices of 2.50 BGN kg -1 and 3.00 BGN kg -1 during the third vegetation. When growing the 'Lyulin' primocane-fruiting cultivar in lowland conditions the irrigation rates may be decreased by 25% in a particular phenophase without a negative effect on the yield and the economic effectiveness. During the intensive growth phase the reduction may be even by 50%. Under the conditions of a severe water shortage, irrigation may be realized with half of the recommended application rates, on behalf of a quite acceptable decrease in the economical results. When the daily yield drops below 50 kg ha -1 , the profit decreases to values that stultify further harvestings.
INTRODUCTION
Recently, the interest of Bulgarian farmers in the raspberry crop has increased. This tendency is evident from both the increased area occupied by bearing plantations and the growth in the fruit production. The good conditions on the international market and the short time for the investments' pay-back stimulate the extension of raspberry production towards regions without traditions in the growing of that crop. Raspberry descends to plains occupying more and more territory. There, however, plants have to cope with unfavorable climatic conditions. This necessitates technological improvements and additional investments. Frequent and long-lasting droughts suppress plant development to some extent. Thus, irrigation, which increases substantially the yield and the fruit quality even in hilly and mountain conditions, becomes an indispensable element of the raspberrygrowing technology in lowlands. Growth and yield can be optimized through Regulated Deficit Irrigation (RDI), where the maximum application rate is reduced on behalf of moderate levels of water stress in plants (Goodwin and Boland, 2002) . When microirrigation is in use, it is a common practice to introduce fertilizers into the tree zone with the irrigation water (fertigation). Fertilization dose is usually divided into parts and supplied according to the crop nutrient assimilation during the vegetation period (Haynes, 1985; Kafkafi and Tarchitzky, 2011) . In Bulgaria, the information on the raspberry-crop water and nutritional regime is scarce and there is still a lack of knowledge concerning fertigation. The irrigation management, the spatial and temporal distribution of the root water uptake, the fertilizer type, the timing and the application doses were object of a nine-year study with the 'Lyulin' primocane-fruiting raspberry cultivar which was carried out at the Fruit Growing Institute in Plovdiv (Kornov et al., , 2010 (Kornov et al., , 2011 (Kornov et al., , 2013 Koumanov et al., 2006 Koumanov et al., , 2009 . The aim of this publication is to evaluate the economic efficiency of the technology for raspberry production in lowland conditions.
MATERIAL AND METHODS
A standard model of raspberry production budget was developed using real data from an 11-year trial, which spanned the whole life of a primocane-fruiting raspberry crop in lowland conditions. The study was carried out in a 400 m 2 plantation of the "Lyulin" cultivar established with distance between rows 2.30 m and 0.50 m plant spacing in the rows. Plants were supplied with water and fertilizers by drip irrigation system. Seven variants of irrigation regimes, each in four replications, were investigated. During the main phenological phases -intensive growth, blossom, and fruiting -the water applications were regulated as follows: VC-100 -recovering 100% of the crop evapotranspiration, control; V1-75 -75% of VC-100 in F1; V1-50 -50% of VC-100 in F1; V2-75 -75% of VC-100 in F2; V2-50 -50% of VC-100 in F2; V3-75 -75% of VC-100 in F3; and V3-50 -50% of VC-100 in F3.
The raspberry plantation budget was estimated following the standard procedure described by Castaldi and Lord (1991) . The analysis was done for each experimental year, starting from site preparation. The balance of costs and incomes was made under the following assumptions: 1) Raspberries were grown for a single late-summer primocane crop.
2) The raspberry plantation size is 5 ha. It represents a part of a 25 ha farm for fruit and vegetable production, therefore, only 20% of the agricultural machinery costs were taken into account.
3) The drip irrigation water source was a well with a discharge of 10 L h -1 . 4). The lifespan of the raspberry plantation was 10 years (Hummer and Hall, 2013) . 5) The land was owned by the farmer. 6) All agricultural machinery and equipment was bought with a bank credit under a fixed interest rate of 10% for a ten-year period. 7) The raspberry plants were grown without a support system. 8) No cane thinning was applied in the row strip; canes were mowed and brought out using machines. 9) All labor consuming practices were implemented by hired workers.
The labor productivity for fruit harvesting was estimated experimentally in kilograms per man per hour (kg man -1 h -1 ) for each of the 28 replication plots. The estimation was based on 37 harvesting events carried out in two consecutive years. The obtained figures were validated juxtaposing them with two-year data about labor productivity obtained from 98 harvesting events in a 8 ha commercial plantation located several kilometers away. The daily-yield value (kg ha -1 day -1 ) was obtained by dividing the fruit mass from each harvesting by the number of days passed after the preceding one.
All labor was hired at a rate of 20 BGN per day for the workers and 35 BGN per day for the machine operators. The fertilizer and pesticide prices were estimated using product catalogs and interviews with representatives of wholesale companies. The used fertilizer quantities were calculated on the basis of actual fertilization rates. The pesticide doses and quantities were evaluated on the basis of a standard plant protection plan including six treatments with 12 pesticides. The machinery and equipment costs were taken from catalogs. The well and the pump were valued at 10000 BGN. The used electrical energy was calculated from the annual irrigation rates for pump discharge of 36 m 3 h -1 . All other costs were evaluated using product catalogs, norms, standards and interviews. The incomes from the sold raspberry fruit were estimated according to wholesale prices of 1.50 BGN, 2.00 BGN, 2.50 BGN and 3.00 BGN. At the moment of analysis the Bulgarian currency exchange rate was 1.95583 BGN for 1.00 EURO and 1.47 BGN for 1.00 USD.
As a rule, the daily yield changed with time following a one-peak convex curve with maximum of about 500 kg ha -1 . The main part of the yield was harvested in the first month of the ripening phase. In the course of the next one -one and a half months, the daily yield slightly decreased from about 100 kg ha -1 to approximately 20 kg ha -1 causing a respective reduction in the labor productivity. The labor-consumption rate (h ha -1 ) was evaluated as ratio between daily yield and labor productivity. The equation for the relationship 'laborconsumption rate -daily yield' was derived using correlation and regression analysis. Then, labor costs were evaluated depending on the daily yield for 10 hourly rates, changing from 0.75 BGN h -1 to 3.00 BGN h -1 with a step of 0.25 BGN h -1 . The incomes from the sold fruit were also calculated on the basis of the daily yield for 11 variants of the price, changing from 1.00 BGN kg -1 to 2.00 BGN kg -1 with a step of 0.10 BGN kg -1 . The used ranges for the labor and the fruit prices were valid at the moment of the analysis. During this period, the Bulgarian currency was exchanged at rates of 1.95583 BGN for 1.00 EURO and 1.58817 BGN for 1.00 USD.
RESULTS AND DISCUSSION
The relationship 'labor-consumption rate -daily yield' is illustrated on Figure 1 . The structure of the costs for raspberry fruit production is presented in Table 1 . The costs are reduced to one hectare under the conditions of this analysis described above. It is clearly seen that the basic costs are for harvesting with a share of about 55%. Second, with almost 13%, are those for fertigation, mainly because of the high fertilizer prices. A third group with a comparable share of costs is formed by: planting material and planting (5.8%), plant protection (5.4%), irrigation and irrigation system (8.4%), and hand hoeing (2.9%). Obviously, the main reserve for increasing the production efficiency is in rationalizing the harvesting through introduction of auxiliaries like carts and handy packing. Taking into account the small share of agricultural machinery (3%) mechanical harvesting is a good alternative. Also worthy of optimization is the fertigation regime in the cases where it will result in a decrease in application rates, yield increase and environmental protection. Gross incomes, net incomes and profit rates are shown in Table 2 for each of the studied variants of regulated deficit irrigation at four wholesale prices. Respectively, the cash flow is illustrated on Figure 2 . Figure 2a . Cash flow of the raspberry fruit production of the 'Lyulin' primocane-fruiting cultivar in lowland conditions under the studied variants of regulated deficit drip irrigation. Figure 2b . Cash flow of the raspberry fruit production of the 'Lyulin' primocane-fruiting cultivar in lowland conditions under the studied variants of regulated deficit drip irrigation.
According to the results, raspberry production is not profitable at wholesale price of 1.50 BGN kg -1 . Prices of 2.00 BGN kg -1 and higher provide very good profitability. At 2.00 BGN kg -1 , the break-even year, in which the grower realizes a positive cash flow (gross income exceeding cash expenses), at a prices of 2.50 BGN kg -1 and 3.00 BGN kg -1 in fourth vegetation and in third vegetation. The net-income levels prove that the irrigation rates can be decreased to 75% of the optimum without a negative effect on the economic efficiency. In the phase of intensive growth, the irrigation rates can be decreased by 50%. Moreover, this reduction results in numerically superior net incomes. The net incomes are significantly lower only at a 50% decrease of irrigation rates in the phases of blossom and ripening (V2-50 and V3-50). Even in such cases, the profit rate remains relatively high. Hence, in conditions of severe water scarcity, irrigation can be implemented with 50% of the optimum application rates on behalf of an acceptable reduction in the economical results.
CONCLUSIONS
Raspberry production is not profitable at a wholesale price of 1.50 BGN kg -1 . Prices of 2.00 BGN kg -1 and higher provide a very good profitability. At a price of 2.00 BGNkg -1 , the break-even year is in fourth vegetation and at a price of 2.50 BGN kg -1 and 3.00 BGN kg -1 in third vegetation. Under water scarcity the irrigation rates can be decreased to 75% of the optimum without a negative effect on the economic efficiency. In the phase of intensive growth, the irrigation rates can be decreased by 50% while the profit rate remains relatively high.
